Lipolytic bacteria were isolated from two stations on Brewery Creek, an arm of the Ottawa River, during the winter of 1971-72. Total counts were approximately sevenfold higher at the more polluted downstream station, whereas lipolytic counts were about 100-fold higher. At this station, significantly more lipolytic bacteria grew on plates incubated at 20 C than at 4 C, suggesting that the population was comprised of both mesophiles and psychrophiles. However, at the upstream station, approximately the same number were obtained at both temperatures. A total of 434 isolates, mainly from the downstream station, were tentatively classified. The major groups were Pseudomonas, Acinetobacter-Moraxella, and Aeromonas. Though the total number of lipolytic bacteria was fairly constant throughout the winter, the relative abundance of the acinetobacters dropped from approximately 90% in November to less than 10% in March, and then increased. The aeromonads and pseudomonads showed the opposite trend. Most of the bacteria, though isolated at 4 C, also grew at 30 C. Lipolysis, however, was generally strongest at 20 C or below.
Though lipolytic psychrophiles have been extensively studied in the food and dairy industries (30) , relatively few studies of this group have been done from aquatic habitats. (In this investigation, psychrophiles will be defined as bacteria capable of growth at 4 C.) Castell and Garrard (8) found that 85% of unpolluted well waters from rural areas across Canada were "contaminated" with proteolytic and lipolytic psychrophilic bacteria, many of these members of the genus Pseudomonas. In a similar study of untreated dairy farm water supplies in Wales, Druce and Thomas (13) reported that 93% of their psychrophilic isolates were gram negative. These were predominantly Acinetobacter and Pseudomonas, but were not tested for lipolytic activity. Breuil and Gounot (7) in a survey of various soils and waters, whose temperature at that time of sampling did not exceed 8 C, again found a predominance of gram-negative rods. Pseudomonads were the most numerous lipolytic group.
In 1971, Bell, Hoskins, and Hodgkiss (5) , in a study of bacterial flora associated with the surface of salmon eggs in the Qualicum River, B.C., isolated 67 bacterial strains, 64 of which were gram negative. Of these 28 were pseudomonads. Acinetobacter, Aeromonas, Chromabacterium, Enterobacteriaceae and Moraxella were also identified. All the Pseudomonas, Acinetobacter and Moraxella isolates were lipolytic, as were one of three aeromonads.
With the increasing problems of water pollution today, more information is needed on the numbers, types, and activities of bacteria in aquatic habitats. Many bacteria enter the water with polluting effluents. Some may play a useful role in degrading these effluents; others may pose a serious health hazard. Even those nonpathogenic for man may release by-products toxic to other aquatic life, or simply deplete available oxygen supplies. This investigation is part of a study of microbial activity in the Ottawa-Hull area. Brewery Creek, an arm of the Ottawa River flowing through Hull (Fig. 1 ), is polluted with untreated sewage from the city of Hull and effluent from a meat packing plant. The main channel receives effluent from a paper mill. Our objective is to determine whether there are appreciable numbers of bacteria in the river capable of degrading these wastes, particularly during the winter when the water temperature is near 0 C for several months. During the winter of 1971-72 we attempted to determine the major lipolytic groups present at the more-polluted downstream end of Brewery Creek. The results are presented below.
MATERIALS AND METHODS
Bi-monthly triplicate water samples were taken below the bridge at Wright Street (upstream), and below that at Fournier Boulevard (downstream), ( Fig.  1 ) from 23 November 1971 to 1 May 1972. At both stations, samples were taken at mid-depth (approxi-733 mately 1 m down at Wright; 1.5 m down at Fournier), where flow of water was swiftest, using a Meyer sampling bottle. During the period when the water froze over, (Fig. 2 ) the ice was broken with an axe at the same locations and sampling proceeded in the usual manner. All samples were analyzed within 2 h of collection. On 17 July 1972, a triplicate sample was also taken directly from the mouth of an exposed sewage pipe (S in Fig. 1 ).
Total bacterial counts were obtained by the membrane filtration method of Rasumov, as modified by Korsh (17) . Filters of 0.45-jsm pore size were used (Millipore Corp., Bedford, Mass.). For the detection of lipolytic colonies, samples of suitable dilutions were spread on Spirit Blue agar (Difco) containing lipase reagent (a cottonseed oil substrate). (Breuil [personal communication] has found no significant differences, at least at 4 C, between the numbers of lipolytic colonies obtained on Spirit Blue agar or on Sierra's (23) medium containing Tween 20, 40, or 80.) Lipolytic colonies were readily distinguished by the zone of clearing around the colony. Plates were incubated as follows: 4 C, 14 days; 10 C, 10 days; 20 C, 5 days; 30 C, 2 days; 37 and 42 C, 1 day. At 4 C, the same dilutions consistently yielded 30 to 300 colonies per plate, and were used for the isolations. From the sewage sample, colonies were also isolated from the 20 C plates. All those colonies falling within a variable sized square in the center of each plate and showing a zone of clearing were picked for further study. The size of the square was chosen so that approximately 10 colonies were isolated from each plate. Thus, for each triplicate sample from a specific station, on the average, 30 colonies were isolated and classified. Isolates were restreaked on Spirit Blue agar plates and incubated at 10 C. Colony morphology was recorded, and a single colony was transferred to tryptone-yeast extract broth (1% tryptone, 0.5% yeast extract, Difco) and grown at 10 C. These broth cultures were then restreaked onto Spirit Blue agar plates, which were incubated at 4, 10, 20, 30, 37, and 42 C to give the temperature ranges for growth and lipolytic activity. The strength of lipolysis was scored according to the extent of spreading of the clear zone around the colonies: less than 2 mm, weak; 2 to 6 mm, moderate; greater than 6 mm, strong.
A total of 330 colonies were isolated from the downstream station (Fournier), 66 from the upstream station (Wright), and 27 each from the 4 and 20 C sewage samples. The isolates were grouped on the basis of the results of the primary tests listed below. Secondary tests were used to further subdivide the groups and to aid in tentative classification. Unless otherwise stated, all tests requiring incubation were carried out at 10 C.
Primary tests. A 24-h culture in tryptone-yeast extract broth was examined by phase contrast for motility and shape, and then Gram stained by Hucker's modification (21) .
The test for oxidative-fermentative metabolism of glucose was performed as described by Hugh and Leifson (15) , except that peptone was replaced by tryptone in the medium.
The catalase and oxidase tests were performed directly on colonies growing on Spirit Blue agar. For catalase, a 3% H,O, solution was used to flood isolated colonies. For cytochrome oxidase, equal portions of 1% aqueous dimethyl-p-phenylenediamine oxalate and 1% ethanolic a-naphthol were mixed over the colonies. Oxidase-positive colonies turned purple within 1 min. The Chromobacterium isolates were tested on King's B agar, since they were not pigmented on this medium. Secondary tests. Acid and gas production from glucose was tested on medium containing 7 g of glucose, 10 g of tryptone, 5 g of yeast extract, and 2 ml of bromocresol purple (BCP) stock solution in 1 liter of distilled water. The BCP stock solution contained 1.6% (wt/vol) of the indicator dissolved in 50% ethanol, and then was gravity filtered. Each tube, containing 5 ml of broth and an inverted Durham tube, was inoculated with a loopful of the tryptone yeast extract broth culture and examined for acid and gas production daily up to 2 weeks.
Gelatin hydrolysis was tested on plates containing 0.8% nutrient broth, 0.4% gelatin, and 1.5% agar. Zones of hydrolysis were detected by precipitating unhydrolyzed protein with a solution of 15 g of HgCl, in 20 ml of concentrated HCl and 100 ml of distilled water. Casein hydrolysis was examined on plates containing 0.8% nutrient broth, 0.5% skim milk powder (Difco), and 1.5% agar.
Fluorescein production by pseudomonads was observed under ultraviolet light on King's B agar (16) . Endo agar (Difco) and EMB agar (Difco) were used for the detection of green sheen production by Enterobacteriaceae. EMB was also used to examine Moraxella and Acinetobacter isolates for blue pigmentation.
All Moraxella isolates were tested for sensitivity to U of penicillin G per 1 ml by the method of Baumann, Doudoroff, and Stanier (3) . They were also examined under a microscope for intracellular poly-0-hydroxybutyrate (PHB) reserves as described by Stanier, Palleroni, and Doudoroff (24) . Acetate was used as the carbon and energy source. Citrate utilization was determined on Simmon's citrate agar (Difco) for both Moraxella and Acinetobacter isolates.
Aeromonas and Vibrio isolates were tested for arginine dihydrolase by the method of Thornley (26) , and for sensitivity to the vibriostatic agent 0/129 (2, 4-diamino-6, 7-diisopropylpteridine) according to the modified procedure of Bain and Shewan (2) .
Enterobacteriaceae isolates were tested with the Analytab system of 20 biochemical tests (Analytab Products Inc., New York, N.Y.). Incubation was at 37 C. The Streptococcus isolate was tested for hemolysis on plates prepared from Bacto-blood agar base (Difco) containing 5% defibrinated sheep's blood, and for liberation of ammonia from arginine according to the procedure of Niven, Smiley, and Sherman (20) .
RESULTS
Samples were taken approximately bimonthly from two sites on Brewery Creek (Fig.  1 ) between 23 November 1971 and 1 May 1972. Between these dates, the water temperature was below 10 C; the water was ice covered from early December to late March (Fig. 2 ). During the sampling period, total counts, obtained by staining the bacteria fixed on a membrane filter, did not vary significantly at either site. At the upstream, less polluted station, the average count for the period was 2.4 x 106 per ml; at the downstream station it was 1.7 x 107 per ml. The difference is significant at the 95% confidence level.
There was an even greater difference between the two sites in the average lipolytic counts. Though the number depended on the temperature of incubation, it was always about 100-fold higher at the downstream station ( Fig. 3 ).
During the following summer, under conditions of reduced flow, we observed sewage entering Brewery Creek from several exposed pipes. On 17 July a sample was taken from the mouth of the largest pipe (S in Fig. 1 ). The total count was 2.5 x 107 bacteria per ml. The lipolytic count was 2.5 x 10' per ml at 4 C, and 6.3 x 105 per ml at 20 C.
On each of the 11 sampling dates, colonies from the 4 C plates from the downstream station was subcultured for further characterization. On 20 March and 1 May, colonies were also taken from the 4 C plates from the upstream station. Sewage isolates were obtained from both the 4 and 20 C plates.
Of the 450 colonies picked, 16 failed to grow on subculture. The remainder were grouped according to the following scheme, which is based on that of Cowan and Steel (10 In some cases additional tests were performed, as described below, to support the classification. However, since only a limited number of tests were done, the family or generic names used must be regarded as tentative.
The overall results of the grouping are given in Table 1 . The relative abundance of the major groups at the downstream station during the sampling period is shown in Fig. 4 . Additional characteristics of the different groups are summarized below.
Ala (Pseudomonas). Of the 202 isolates in this, the largest group, 143 produced fluorescent pigment on King's B medium, and 126 of these hydrolyzed both casein and gelatin. Since Stanier et al. (24) found that, among the fluorescent pseudomonads, P. aeruginosa did not grow at 4 C, and P. putida did not produce extracellular proteases, these 126 are all likely P. fluorescens. The other 17 fluorescent isolates must tentatively be classified as P. putida.
All the members of the Ala group grew over a temperature range of 4 to 30 C, and none grew at 42 C. Of the 143 fluorescent isolates, 33 grew at 37 C. However, only 2 of the 59 nonfluorescent types grew at this temperature. The numbers in each group found at each site, and their growth ranges, are summarized in Table 2 .
Visual inspection of the zone of lipolysis on Spirit Blue agar indicated that all isolates produced an equally large zone at 4, 10, and 20 C by the end of incubation period, though not all produced a strong zone of lipolysis (6 mm or more in diameter). Fewer, particularly among the P. fluorescens group, were strongly lipolytic at 30 C. The results for all groups are summarized in Table 5 .
Alb (Aeromonas-Vibrio). Bain and Shewan (2) differentiated between Aeromonas and Vibrio on the basis of the latter's sensitivity to the vibriostatic agent 0/129. Of the 36 isolates in this group, only 1 was sensitive. These investigators reported that the aeromonads are invariably arginine dihydrolase positive, except for a specialized group of animal pathogens which are also sensitive to the vibriostatic agent. However, Cowan and Steel (10) assigned a variable result to the arginine dihydrolase reaction because of conflicting reports in the literature. Twelve of our isolates were negative, and thus do not fit Bain and Shewan's scheme. Bain and Shewan further subdivided the aeromonads on the basis of gas production from glucose and of growth at 37 C. The breakdown of our isolates, according to this scheme, is shown in Table 3 .
The growth range of the 4 C isolates was considerably wider than that of the other groups. Twenty-four of the 30 isolates from the downstream station grew at 37 C, and 11 grew at 42 C (Table 3 ). Only one failed to grow at 30 C. All 5 sewage isolates from 20 C grew to 37 C, but none grew at 42 C. Two also failed to grow at 4 C. The majority of the isolates were also strongly lipolytic over their entire growth range ( Table 5 ).
The one presumptive Vibrio isolate came from the downstream (Fournier) site. Its basic characteristics were the same as those of the aeromonads, except for its sensitivity to the vibriostatic agent 0/129. This isolate grew at Failed to grow after subculturing. Acinetobacter and Moraxella (B). Alc "Alcaligenes" isolates were obtained on 6 of the 11 weeks. They were grouped with the pseudomonads since their classification is uncertain (see text). The weeks on which members of the minor groups were isolated are indicated by the letters: Ch, Chromobacterium; E, Enterobacteriaceae; M, Moraxella; S, Streptococcus. Note, however, that the moraxellas were added to the acinetobacters for the calculation of relative abundance. 42 C, but was strongly lipolytic only at 10 and 20 C ( Table 5) .
All the isolates, except one aeromonad from Fournier, were proteolytic. Alc (Alcaligenes or Pseudomonas sp.) The mode of glucose utilization was used to subdi-vide the Al groups. Even though the fermentative nature of group Alb clearly establishes it as not being Pseudomonas, the failure to utilize glucose is not a definitive taxonomic aid. Thus, the 17 members of the Alc group could be either Alcaligenes or Pseudomonas species, which could not be distinguished by the tests we have done.
Compared to the Aeromonas-Vibrio group, or even to the fluorescent pseudomonads, the members of the Alc group had rather low maximum temperatures for growth. Only one isolate grew above 30 C, and three failed to grow at 30 C. All strains, however, showed strong lipolysis from 4 to 20 C, and several were lipolytic at 30 C ( Table 5 ). None of the isolates from the upstream station was proteolytic but three of the nine from the downstream station were.
A2a (Chromobacterium). The eight presumptive Chromobacterium isolates were similar in their properties. All produced purple pigment on Spirit Blue agar plates, grew to 30 C but not at 37 C, were strongly lipolytic from 4 to 20 C (Table 5) , and all were proteolytic. According to Cowan and Steel (10) , their psychrophilic nature defines them as C. lividum. A2b (Enterobacteriaceae). The six isolates tentatively classified as Enterobacteriaceae all produced acid and gas from glucose, and all but one produced sheen on EMB or Endo agar. The isolates were also tested with the Analytab system of 20 biochemical tests (results not shown); however, only 1 could be assigned a specific name (K. pneumoniae) on the basis of the results. All the isolates grew at 30 C, and all but one at 37 C, but only one grew at 42 C. Lipolysis was generally weak, and was observed only at the lower incubation temperatures. Three of the isolates were proteolytic. B (Acinetobacter-Moraxella). According to Baumann, Doudoroff and Stanier (3, 4) , the "moraxellas" should be separated into Moraxella and Acinetobacter primarily on the basis of the cytochrome oxidase test, the latter being oxidase negative. Our isolates were divided on this basis, but are otherwise quite similar. Baumann et al. (3) also found that Moraxella could be differentiated from Acinetobacter on the basis of the latter's resistance to 1 U of penicillin G per ml. However, three of our oxidase-positive isolates were resistant to this concentration.
The incorporation of eosin and methylene blue by Acinetobacter on EMB agar has been noted by and other investigators. All our B group isolates, except one "Acinetobacter" from Fournier, produced blue colonies on EMB agar plates incubated at groups failed to give similar coloration when grown on EMB.
Both Baumann et al. (3, 4) and Thornley (27) found citrate utilization and glucose oxidation to be useful criteria for subdividing these genera. The results of these two tests are given in Table 4 . A third test, PHB accumulation, has also been used for subdividing Moraxella (3).
All of our oxidase-positive isolates accumulated PHB; the oxidase-negative ones were not tested.
Most of the group B isolates grew at 30 C, but relatively few grew at higher temperatures, except among the 20 C sewage isolates (Table  4 ). Most were also strongly lipolytic to at least 20 C, and a considerable number also at 30 C (Table 5) . None, however, were proteolytic. C (Streptococcus). The single gram-positive isolate, which formed long chains of nonmotile cocci, was facultatively anaerobic, catalasenegative, cytochrome oxidase-negative, and fermented glucose, but did not produce ammonia from arginine and was not hemolytic or proteolytic. The isolate grew from 4 to 30 C, but was weakly lipolytic at only 4 and 10 C.
DISCUSSION
With the exception of a single Streptococcus isolate, all the lipolytic psychrophiles isolated from Brewery Creek were gram-negative rods. The results support the belief that the majority of psychrophiles are gram-negative rods (30) , and more specifically, that the majority of lipolytic psychrophiles are gram negative. The two major groups, Acinetobacter and Pseudomonas, are well known for their lipolytic (4, 14, 24) and psychrophilic properties (30) , and have previously been isolated from sewage (6, 28) and from both polluted (13) and supposedly unpolluted (5) waters. Aeromonas has also previously been isolated from sewage (9); the lipolytic properties of this group are well known (9, 12) . Though the Enterobacteriaceae, and more specifically both coliforms and fecal streptococci, are commonly used as indicators of sewage pollution, these are not psychrophiles, and it is possible that psychrophilic species come from different sources. In addition, lipolysis appears to be an exceptional characteristic for Enterobacteriaceae (11, 18) . To our knowledge, Chromobacterium is not well known for its lipolytic properties and has not been reported in sewage. However, Breuil and Gounot (7) have noted one isolate from a French river polluted with domestic and industrial wastes.
In the quantitative counts of lipolytic bacteria obtained at different temperatures, the only discernible trend was toward slightly lower counts at the upstream station during midwinter. However, none of the differences were statistically significant. Thus, the changes in relative abundance at the downstream station appear to reflect a real increase in the Pseudomonas and Aeromonas populations during midwinter and a decrease in the acinetobacters. Even though the acinetobacters can grow on Spirit Blue agar at 4 C, they may not survive well in the river near 0 C. However, we can see no good reason why the other two groups should increase.
Since the samples were taken during a period when the water temperature was below 10 C, one might expect to find only psychrophiles in the water. If this were the case, then the counts would be approximately equal at 4, 10, and 20 C. When the 383 4 C isolates from both stations were tested for growth at temperatures up to 42 C, all grew at 20 C, 97.7% at 30 C, 20.1% at 37 C, and only 3.7% at 42 C. Other studies (25, 29) have also shown that many psychrophiles have relatively high maximum growth temperatures. At the upstream site, the number of bacteria which grew at 4 C and at 20 C, when plated directly from the water samples, were not significantly different (see Fig. 3 ). At 37 C and 42 C fewer grew; this decrease closely paralleled the decrease in the numbers of psychrophilic isolates capable of growth at 37 and 42 C. The results suggest that the population at this site is almost entirely psychrophilic.
In contrast, at the downstream site the number of bacteria capable of growth at 20 C was significantly higher than at 4 C, indicating a population of both mesophiles and psychrophiles. The mesophilic population can be attributed to incoming wastes, such as sewage. From the results, we cannot say whether the increase in the psychrophiles is also due to pollution, or to growth between the two sites. However, the lipolytic count at 4 C from the sewage sample was 40% of the 20 C count, and 9 of the 27 isolates at 20 C also grew at 4 C. Thus, sewage could be a source of both mesophiles and psychrophiles.
Most of the isolates in all groups displayed stronger lipolysis at 4, 10, and 20 C than at higher temperatures. In fact, if lipolysis had been tested only at 30 C, a common incubation temperature, 22 would have been classified as non-lipolytic. However, all grew and were lipolytic in the 4 to 20 C range, and thus seem well suited to an aquatic environment. A small number of isolates, especially among the aeromonads (which also grew to higher temperatures), showed equally strong lipolysis at 30 and 37 C. The trend of stronger lipolysis at lower temperatures has previously been noted for microorganisms involved in the spoilage of foods stored at low temperature (30) . Increased low-temperature activity has also been reported for the proteolytic enzymes of P. fluorescens (22) ; moreover Alford (1) noted generally higher biochemical activity for various Pseudomonas and Achromobacter strains at 20 C than at 37 C.
The results probably raise more questions than they answer. Though the numbers of lipolytic microorganisms in the river appear much the same in different seasons (unpublished data), we have found considerable variation in the relative abundances of the major groups just during the winter. Can our results be generalized to other polluted river systems? At present it would seem dangerous even to extrapolate to the rest of the year. However, on the basis of ours and other results, we are certain that any study of lipolytic microorganisms in an aquatic environment polluted with lipid wastes would yield pseudomonads and acinetobacters, and we plan further study of these groups.
